Introduction
The software process simulation field has been growing during the last decade and has become increasingly popular in the software engineering community. The field has focused on the scope of the simulation models and the development approaches of these, resulting in a growing body of knowledge in simulation methods. Experience with the simulation technologies has given rise to enhancements and extensions of existing systems. Lessons have been learned on the use of simulation and modeling tools and techniques.
While attention has been given to that the simulation and modeling increase the understanding of the development process, discussed for example by Kellner et al. [Kellner99] , little effort have been given to evaluate whether the impact of the model really is measurable in terms of increased understanding of process behaviour and to what extent simulation can be used for increased understanding. To our knowledge, only a few published studies take this viewpoint. Experiences on using software process simulation as a tool for project management education and training have been described in [Drappa00] , [Madachy00] and [Pfahl04] .
In order to investigate the impact of the use of process simulation models, a qualitative study was conducted during the development of a simulation model of an industrial software development process to evaluate the impact the model had on project participants, see Figure 1 . Using questionnaires, the staff's opinions before the model development were compared to the opinions after the introduction of the model.
Background
The study took place at Sony Ericsson, Lund, Sweden. Process simulation models have been investigated in a pilot study in another part of the organisation before [Andersson01] with focus on the modeling as such. In this study, we set a specific focus on the test process and its interface towards the design and development process. Specifically, the organisation is interested in analysing the consequences of different priorities regarding feature development versus software quality improvement and schedules.
Our interest in the study is to investigate which impact the simulation model has in this trade-off analysis. The research questions addressed in this paper are stated below:
• Can the software process simulation enhance the understanding of the interrelationships between activities and managerial decisions? • Does the simulation model offer a tool for the practitioners to analyse the trade-offs between costs, schedule and functionality? • What impact do software process simulations have on project staff's attitudes?
The typical model user is in most published studies a project manager seeking to get an understanding of the modelled project behaviour. In this study other categories of project participants are included to evaluate whether more benefits can be gained by letting other than the project managers use a simulation model. The intention is to provide the model users with a possibility to reach new insights into project behaviour by giving them a simulation model of their development project. Hence, they get equipped with a tool to conduct controlled experiments to evaluate different project decisions they intend to make. 
The model
The purpose of the simulation study itself was to investigate the software development process and to enhance the visualisation of the process. The staff engaged in the different development phases had in the past not a very comprehensive project view, but focus on the specific parts of their responsibilities, which occasionally led to disagreements about the quality in the deliverables. Hence it was decided to use a simulation model to visualize the consequences of different priorities within the development organisation.
The organization follows an incremental development process, with releases of different versions of the software product several times before the project is terminated. At the same time as new features are developed in an increment, faults in earlier increments should be corrected. The main purpose of the simulation model was to enable analysis of different priorities between feature development and fault correction.
The simulation model, based on the system dynamics approach [Law00] , was confined to include the development, the function test, and the system test of a chosen ongoing software development project, see Figure 2 . In addition information from the design phase, the acceptance tests and the final use of the product were used for the model building. Validation was conducted by the means of sensitivity analysis [Kleijnen87] based on project data, but also comparisons to similar projects conducted by the organization in the past, and continuous feedback from the project staff.
The simulation model was based on a standard template model by Collofello et al. [Collofello96] . We have earlier experience from adapting this model to a specific organisation [Berling03] , hence experience from that tailoring is reused in the model building for the current organisation. The model was implemented in the Powersim environment for Windows 1 .
Data collection and analysis
In order to investigate the impact of the simulation model, a qualitative study was launched as depicted in Figure 1 . Data was collected at two different occasions, with tailored questionnaires for two different groups of people; designers and testers. Since the main scope of the simulation model was the test process, the testers were involved in the model building, and the collection of metrics for the model calibration. The model was also validated with the testers. The designers acted users of the simulation model, and hence they were given a different set of questions. In Table 1 the questionnaires and their main topics are presented.
Before the simulations, the designers were asked about the use of quantitative metrics to support decisions in the organisation, since the purpose was to use the simulation model as quantitative decision support. Further, they were asked about the communication culture in the organisations. By these two sets of questions, a general overview of the management culture was achieved. The designers were also asked about their opinions and experiences of process simulations in general.
The testers were asked about data collection, since their data were the basis for the simulation model. They were then asked the same questions as the designers regarding the communication culture and process simulations.
After the simulations, the designers were asked questions on their experience from using the simulation model. Opinions on the use of the simulation model
They did also perform a specific task, using the simulation model. This task was monitored by the researchers, and observations were collected. The testers were after the simulations given questions on the use of process simulation modeling in general, their experiences and opinions.
The data is analysed by using methods for qualitative data analysis [Robson02] . The questionnaire answers are summarized and patterns among the answers are sought for.
Conclusions
This study presents a systematic approach to evaluate what impact the introduction of a software process simulation model has in an organization. It is also evaluated whether simulation models are well suited means for increasing the understanding of software development processes. The specific goal of the case study was to measure if the understanding of the process behaviour was increased or not among two categories of project staff, designers and testers.
Compared to previous work in this area, which has evaluated process simulations as a tool for project management and training, this study focus on the usefulness among project staff at varying positions in an organization. Most of the related work are also conducted with students as experiment participants, while this study has a qualitative approach in an industrial setting, which implies that the results are more representative for a real life software development environment.
The analysis commenced with the questionnaires answered by the designers, whose most concern has been on the development, and often has left the test issues behind. The results will discuss whether the perception of the reality can be changed and whether there are any positive effects on the management of software project. These results are thereafter compared to the analysis of the questionnaires answered by the testers, to either verify or contradict the first results.
The analysis of the questionnaires are today in progress, therefore we will not include the specific results of the evaluation, though we expect it to be finished before the full paper deadline.
